SUMMARY Classical genetic theory,' based on assumed equal mutation rates in males and females, predicts that one-third of all cases of Duchenne muscular dystrophy (DMD) in a generation are born as new mutants to non-carrier mothers. Furthermore, less than half the mothers of apparently isolated cases appear to be carriers on the basis of raised serum creatine kinase levels.2
SUMMARY Classical genetic theory,' based on assumed equal mutation rates in males and females, predicts that one-third of all cases of Duchenne muscular dystrophy (DMD) in a generation are born as new mutants to non-carrier mothers. Furthermore, less than half the mothers of apparently isolated cases appear to be carriers on the basis of raised serum creatine kinase levels. 2 We have analysed the pedigrees of 61 families of DMD boys seen in the Duke Neuromuscular Research Clinic and 45 DMD families followed at the University of Virginia.
The frequency of affected boys among the next born male sibs of 37 initially isolated DMD cases in two clinic populations was significantly greater than predicted by Haldane's theory1 (p=0029) and the estimated proportion of new mutant cases in the combined clinic population of 106 families was 0 127 (SE 0 111).
The absence of affected males in earlier generations in families of isolated cases may be explained in part by a high ratio of male to female stillbirths and infant deaths, which was more than three times that of the normal population in this study. These data suggest that new mutant cases are less common than expected and current predictions may underestimate genetic risks in mothers of isolated cases.
When the mother of a boy with Duchenne muscular dystrophy (DMD) is an obligate heterozygote, the genetic risks in future pregnancies are clearly defined: a future son has a 50 % chance of being affected and any daughter has a 500% chance of being a carrier. In early population studies, between one-quarter and one-half of all ascertained cases were born to mothers with a family history of the disease (table 1) . New familial cases are now seen much less frequently and apparently isolated cases now constitute the great majority of referrals.
In the absence of a definitive test for the carrier state, we cannot determine with certainty whether the mother of an isolated case is a heterozygote or if the disease resulted from a new mutation. The genetic status of the mother can only be inferred from probability calculations which incorporate genetic and biochemical data,19-2' such as the relative probability of the mother's serum creatine kinase (CK) level occurring in a heterozygote or normal female, with an assumed prior risk of heterozygosity.
tPresent address: Department of Dysmorphology, Children's Medical Center, Dayton, Ohio 45404, USA. Received for publication 29 July 1982 This prior risk is based on the work of Haldane' who showed that, in an X linked disorder where genetic equilibrium is maintained by mutation alone, the proportion of new mutant cases born to non-carrier mothers is (1-f) ,u/(2,u+v), where ,u is the mutation rate in female germ cells, v the mutation rate in male germ cells, and f the reproductive fitness of affected persons. In DMD, f is effectively 0 and the proportion of new mutants thus depends on the ratio of the mutation rates in the sexes. If the male and female mutation rates are equal, one-third of all cases born in a generation must be new mutants.
Analyses of some earlier DMD population studies2 [22] [23] [24] 45 In some families red cell membrane protein band 2 phosphorylation studies have been performed. The results of these investigations have been fully reported previously.33 34 46 47 In the present investigation, particular attention was paid to birth order in the pedigrees, and the segregation of sibs born after the first affected boy in the generation of ascertainment was recorded. In addition, all known instances of stillbirth, miscarriage, and early childhood death (under age 5) in the three generations before ascertainment was noted.
The UVa clinic population consisted of 45 DMD families. Again, careful attention was paid to birth order. Many of the females in the pedigrees had been tested by measurement If n sibs are born after the first affected boy, assuming equal fertility in carriers and non-carriers, the expected segregation is nmc/4 DMD boys, (n(2-mc))/4 normal boys, n/2 girls. If all mothers are carriers, the expected segregation is n/4 DMD boys, n/4 normal boys, n/2 girls. The proportion of girls in either case is identical and subsequent analysis can be confined to brothers of affected boys.
Bias can be limited by examining the incidence of affected and non-affected boys among the next born male sibs in these families. Of the 50 families of initially isolated cases in the Duke series, there were 16 in which a brother was born after the first affected boy and of these eight were affected. In the 41 families of initially isolated cases from UVa there were 21 in which a boy was born after the first DMD boy and of these nine were affected. The expected proportions of DMD boys in the two clinics and the combined population were calculated from mc values assuming Haldane's theory. Expected values were also calculated assuming that all mothers were carriers (mc = 1-0). The probabilities that the observed proportions did not differ from the calculated values were derived by binomial theorem (table 5). The observed segregation was close to that expected assuming all mothers were carriers, and when the families of initially isolated cases in the two clinics were combined, the frequency of affected boys was significantly greater (p = 0 -029) than predicted from Haldane's theory assuming equal mutation rates in the sexes.
Estimation ofproportion of new mutant cases (x)
The proportion of new mutant cases (x) was estimated by the method of Cheeseman et a122 (method B) for each clinic population and for the combined series (tables 6, 7): m= number of fraternities with more than one affected boy, p, = probability of observing a, affected persons in fraternity size s, a, = number of affected boys in fraternities of s> 1 (appendix). This method is only valid for truncate selectiQn which was not attempted in this study. However, table 1 indicates that the distribution of familial (definite and probable carrier mothers) and nonfamilial cases was similar to earlier studies in which complete ascertainment was attempted and on which currently accepted data on the frequency of mutant cases are based.
The values of x derived from the Duke and Charlottesville clinic data were 0-188 (SE 0-148) and 0 048 (SE 0.166) respectively, and for the combined clinic population 0 127 (SE 0 111), which is less than the expected value of 0 33 at p = 0-063. Although complete ascertainment of cases in a geographical area was attempted in many of these early studies, Brooks and Emery15 found significant differences in reported disease incidence, implying incomplete ascertainment which might have resulted in overrepresentation of sporadic cases.28 In addition, recent work has suggested that CK levels may be under independent genetic control.48 The frequency of raised CK levels in mothers of affected boys may not be a sufficiently accurate reflection of genetic status on which to base predictions regarding mutation rate; there may be 'low CK' families and 'high CK' families.49 50 The data presented here suggest that considerably more mothers of DMD boys are genetic carriers than previously thought. The segregation among sibs born after the first affected boys in the two clinic populations was close to the proportions expected assuming all mothers were carriers (tables 4a,b), and the frequency of affected boys among the next born male sibs in the combined clinic population was significantly greater than predicted from Haldane's theory (p = 0 029, table 5). Furthermore, the estimated proportion of new mutant cases in the 106 families studied was 0-127, significantly different from 0.33 at p = 0.063.
Estimates of the proportion of sporadic cases (x) using data from different series have varied considerably ( 
